EUROPEAN JOURNAL OF DRUG METABOLISM AND PHARMACORINEnCS, 1993. Vol IS. Noi 2. pp. IS7^197 


Metabolism of S-aicotiue in noninduced and Aroclor-indnced 
rats 


G. SCKEPERS, K. RUSTEMEIER, R.-A. WALK, and U. HACKENBERG 

JNBJFO Instimfilr biohgische Forschimg, Cologne, Germany 


Received for publicaiion: July 17,1992 


Keywords : Nicotine, urinary metabolites, excretion kinetics, Arodor induction, sex differences, sttreosclectivi^ 


SUMMARY 


The uiinaiy eimiedoD of niootinc and its xsetaboUtes in noninduced and Axodor'induced male and female rats has been depennioed 
following intraTcnous administtatiDn of S-raoodne at a dew of 4.6 Compete iwovery of the admituslacd 

ndioaedvity was achieved: 9S% in urine and 4% in feces over 96 h and 1% lemaiaing in the body. Mans than 40 nicodnc 
metabolites were found by x«dio-HPLC; 19 were identified induding the atftnnu^diistereoinen of nicotuie-Nf'-oxide and 
3'-hydroxycotimnc. The unnaiy metabolite profile and exctetiort Idncties of fflcotme and its metaboUtes were significantly difforent 
between noninduced and Aioclor'iaduoed rats. The major utinasy dcotine metabolite in the nooiaduced rat was etr-nicotine-N'-' 
oxide. In the ArDc]or*induced nt, codolne metabolites were the major metabolites found. Sex dififerences were found for the uzxnaty 
nicotine metabolite profile, mainly expressed in the excretion of cir'>nioofine*N''Oxide, 294b in the male and 17% in the female 
noninduced rat, and the excre&m of cotinuie, S% in the male and 12% in the fcin«tE noninduced raL High stcreoselecdvity was 
found for die foimation of the cta'/ronx-dlastereomeis of aicotme-N''Oxide as well as of 3'-hydraxycotinine. Che stereoselectivity 
being more pronounced in male rats. 


INTRODUCTION 

Nicotine inc^olisni bas been extensively studied, and 
moie tban 20 nicotine coetabolites lesulting 5 
different metabolic pathways have been described [for 
review, see (1-5)}. The metabolism of the naturally 
occutiing S-enantiomer and of the synthetic R-enanti- 
omer of nicotme were shown to be dififemnt in vitro 
(6) as well as in vivo (7), and one caaatioiner was 
found to interfere with the metabolism of foe ofoer (8). 
In foe afoiementioQed in vivo metabolism study in the 
rat using enantiomcrically pure nicotine tritiated at the 
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methyl group (7), only a limited number of metabO'' 
files could be detected. This is because the methyl 
group is lost at cady steps in the metabolic pathways. 
Tbeiefor^ the present study was peifontied using foe 
enantiomericaUy pure S-nicotine, [^"^Cl-Iabcled at the 
2'-position in foe pynolidine ring. 

It is known that the metabolism and bioldnetics of 
nicotine are influeaced by genetic (e.g. strain, sex) and 
exogenous foctors (e.g. drag treatment, diet) [reviewed 
m (5)1, which can affect the induction status of tlfo 
metaboUzing enzymes. The influence of selective in¬ 
ducers of various cytodirome P-450 isozymes, e.g. 
pbenobaitrital, 5,6-benzoflavone, p-naphthoflavonc, 3- 
mcfoylcbolanthrenc, or ethanol on nicotme metabolism 
has been shown in vitro on subccHular flactions or 
isolated organs [e.g. (9-15)1. In vivo, the influence of 
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sdcciivc cytochiome P-450 isozyme indnction on ni¬ 
cotine znetabolism in the lat was shown using racenzic 
okmtine (16,17). 

To our knowicdlge, no in vivo study with mcotine 
has been pezfonned using a conseiective inducer for 
various enzyme systems, c.g. Arocior 1254, a mixture 
of polychlorinated biphenyls commonly used for the 
pieparatioa of the postnimchonchlal (S9) faction for 
nietaboUzing promntagens in in vitro assays (18). The 
inflgr^ncf; of such a noDScicctive mduc&r on nicotine 
metabolism, however, is of special iatexest since mco¬ 
tine metabolism includes not only F-450-rdated but 
also other enzymatic pathways. 

In the present study, the in vivo metabolism and 
biokm^ics of S-IpyrroUdine-2'-^'^Q-nicotmc as well 
as the influence of enzyme induction by Arocior 1254 
are presented in detail for m^e and female rat In ad- 
didoii. a comprelumsive analysis of major and minor 
urinary nicotine metabolites, based on tbc completely 
recovered radioactivity, is given. 


MATERIALS AND METHODS 
Test substance 

S-JPyntdidinc-7-^^Q-iiicotiiic-di-L-taitiato salt 
NIC) was synthesized by Cbemsyn Sdcnce Laboia- 
toiies (Lenexa, Kauis, USA): specific radioactivity: 
58,8 in(3/mmol, chemical purity; > 979&, radiochemi¬ 
cal puri^: > 98%, optical purity; > 98%. Tte optical 
ptnity was cdotinsed by determining the enantiomeric 
excess by HPLC (19) and GC on chiral columns (pub- 
Ucation in preparation). The '‘^C-NIC was dissolved 
in phosphate-bujacred saline (phosphate 10 mniol/I, 
pH 7.2, NaQ 140 mmol/l) to a final activity of 
Z5 mO/ml, and aliquots of this stock solution were 
stored at-80*C. 


Reference compounds 

S-oicotine (NIC) was firom Sigma (Deisenhofen, Ger¬ 
many): cotinine (COT) from Roth (Karisruhe, Ger- 
xaany); 3-pyridylacetic acid (PAAc) fiom Aldrich 
(Stdnheim, Germany). Dibydroroetamcotine C^HM- 
NIQ, c/j-S'-hydroxycotmine (CHOQ, /ronr-3'-hy- 
droxycotinine (THOQ. cotininc-N-oxidc (CNO), nor- 
cotinine (NCOT), nomiMtine (NNIO, 4-<3^yridyl)-4- 
oxo-N-methyi-butyiamidc CPOlVfBAm), 4-(3-pyridyl)- 
4-oxobutyric acid (FOBAc), Nihr-dimetiiylnicotinium 
diiodide (NNUMN), 4-(3^yi«iyi)-4-flicthyl-ammo- 
butyiic acid (PMABAc), 4-(3-pyr!dyl)-4-aminobutyric 


acid (FABAc), 4-<3-pyiidyl)-bu^c acid 0?BAc), 4- 
(3-pyridyl)-4-hydroxybu^C add (PHOBAc), and 5- 
(3-pyiidyl)-tetr^ydrofurMonc (PTHF) were from Dr 
G. Ncurath (lastitut filr Biophaimazeutische 
hfikioanalytik, Hamburg, (jcnnany). 5-Hydioxyco- 
tininc (5HOC), dcmethylcotininc-N-oxide (DMCNO), 
and the methyl ester of FOB Ac were from. Philip Mor¬ 
ris (Richmond, Va, USA); r(R)-2'CS)-dr- and r(S)- 
2TS)-nmr-fiicotinc-N'-oxitte (C!NN'0 and TNN'O) 
were from. Prot J, Gorrod (Kings College, London, 
UK); N-metfayinicotminm iodide (NMNIQ. N'- 
metiiylnicotinuim iodide (N^MNTC), N-methyicotinin- 
inm iodide (NMCOT), and N-methyl-N'-oxonicotin- 
ium iodide (NMNN'O) were firota Prof. P. Qrooks 
(University of Kiaitncky, Lexington, USA), For the 
structural formulae of nicotme metabolites and refer¬ 
ence compounds, see Rgme 1. 


Other chemicals 

Arocior 1254 was from Anal^s (via Antechnica, 
Etlingen, Germany) and was dissolved in com oil 
(200 g/l). All other ch emicals were from commeidal 
sources and of the highest purity available. 


Animals 

Male and female Sprague Dawley CrL:CD(SD)BR. 
ou&red albino rats (Charles River Wiga, Sulzfeld, 
Gfennany) were used. 14 days before admimstratiou 
of ^^C-NIC, a vascular access port (Tmptantnfix-R, 
Braun Mdsungen, Melsungen, Germany) was subcuta¬ 
neously implanted with access to the vena jugularis 
(20). The rats were individually housed in polycarbo¬ 
nate cages with bedding material. During the whole 
study, water and diet (HERILAN MR H-HA LTUNG, 
Eggersmann, Hintein, Gamany) were provided ad 
UbUuni. The rouffl tea^TCfamre was niamtsmed at 
22 ± 2’C The light/dadc cycle was 12:12 h, the light 
cycle staiting^at 06.(X} am. 


Administradon of Arocior 

Those rats used to study the influence of enzyme in¬ 
duction on tiie metabolism and biokinctics of NIC re¬ 
ceived a single i.p, dose of Arocior 1254 (0.5 g/kg) 
5 days prior to ^X-NIC admioistiaiion. The protocol 
was the same as that used for the preparation of the 
postmitochondrial fraction for metabolizing promuta- 
gens in in vitro assays (18). 
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Administration of S-nicotme 

Tbc ^“^C-NIC stodt solutiiou vras diluted vfidi physio¬ 
logical saline to a final concenttatioa of 0.9 pmol/mL 
The rats (230-300 g body wdgbt) iccdved an Lv. 

of 4,6 fimol ^“^C-NICkg (075 mg niooiiiie 
base/kg) at a rate of 13 J fil/Ckg* s) by a motor-drivca 
fjsfnihnn syringe via the ircplantcd vascular access 
port. Following ^"^C-NIC adniiistealion, the rats woe 
housed in metaboUsm cages for up to 96 b. 


(!loUection of urine and feces 

Urine was collected in 50 ml icc-a»lcd polypropylene 
httvL's pjBloadcd with 200 {il of L-taitaxic add 
(5 mol/l). ftccs woe collected in ice-coolcd glass 
containexs. The surfaces of the metabolism cages 
were rinsed with water and the wash water collected. 
The urine samples were centrifiiged and stored at -20 
*C until chromatographic analysis. 

Detenmnation of radioactivity 

Radioactivity was detenmned by liquid sdnlillatioa 
f luting (LSC) nsiog a TRI-CARB 2550 TR liquid 
sdntillatioa analyzer (Canbora-Packaid, Ftaskiart, 
Gesnany). Urine and wadi water sauries were prc- 
paxed directly in Aquasafe 300 (^nsser Analytic, 
Rankfiirt Gemnany), Fcccs and tissue sanqilcs were 
homogenized and the radioactivi^ was determined 
following oxidative combustion in an OX5(X) sample 


oxidizer (Harvey lustniments* via Zinsser Analytic, 
Franlcfuit, Gennany), by trapping die COj in Osysolve 
C-4<XJ <?jnsscr Analytic, Hankfiirt, Germany). 


Radiochromatography 

IfflLC of the nrinp! «flmplft« was petfomted using a 
Hewlett Packard 1090 L liquid chromatogts^ib (Wald- 
bronn, Getinai^) equipped with a teraaiy solvent de- 
lively system and a diode array detector (10 jil ceil) 
competed in scries to a RAMONA 90 nuiioactivity 
detector (150 id fluoride soIM scintillator 

flow cell, Blaytest, Straubenhairit, Gennany). The 
analog signals of the UV detector (254 nm) and of the 
radioactivity detector were evaluated by caic ul a ti n g 
peak areas using a chromatogr^hy data system. 
(W&iltjchrom, VG instraments, Wiesbaden, Gennany), 
Peak i(|«itififatlnn was perf ormw t by comparison with 
(he retention Hmes ck die reference cmnpoimds. 
RatUo-HPLC was pesformed by ion-pair chromaiio- 
gr^hy on two analytical Nova-P«Uc Cl?’columns con¬ 
nect in scries. A oonlmear ternary solvent program 
was applied. Ibe mobile phase consisting of a potas- 
jrfnm phosphate buffer (pH 3.6), containmg pentane-, 
heptane-^ and octane-sulfonic adek and acetoniteilc 
was pump^ at a flow rate of 0.6 mlAnin. A typical 
radHjdironjatogram is shown in Hgure Z To verify 
the xesults obtained by ion-pair chromatography, a cat¬ 
ion-exchange HPLC method based on the method of 
Cundy and Qrooks (21) was used following modifica- 
timis. Hill details of both HPLC methods are de¬ 
scribed by Demetriou et al (22). 



Fig, 2 : Ion-pair ia<iio-HPLC of a 34 h aiine sample from a noninduced fcmaic lat dosed with 2'-[^'*C]-Iabclcd S-mcodne. 
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Evaluation of the urinary excretion 
Idnetics 

TO evaluate the urinaiy exaetioa Idnetics of NIC and 
its inajor metabolites, sigma miniu plot analysts was 
used (23): thedi^sreoce betwccaihclotalanioaotof a 
oKtaboiite exacted (CU) and the aamnat excreted up 
to a given rime poiiU (UO relative to the adaunistezed 
NIC was plotted logarithmicaUy versus time. 


RESULTS AND DISCUSSION 


Total excretion and recovery of the 
administered radioactivity 

Rats dosed with *^C-NIC excreted 95% of the admin- 
istcied radioactivity in mine within 96 h. Hie excre> 
don in feces was 4% and the xadioactiviiy detetmmed 
in the body 1%, The exhaled radioactivity was deter- 
mmed to be less than 0.1%. Eeoce, con^IeiB iC' 
covezy c£ die administeied radioactivity was achieved. 
The results were the same for both noninduced and 
Axoclor-isduced rats. 


counted for 5% of the adimnisteied radioactivity. The 
NIC found may have bees eliminated either mimeta- 
bolized or after metabolic fonnatioa followed by die 
leductioa of Dicotinc-N'-oxide (6,24-27). In the me¬ 
tabolite profile of the Aiodor-induced male rats, the 
frti mati nn of secondary metabolites via COT predoim- 
oated, thus indicatiog a shift ftom the N- to C-oxi- 
datioa pathway. The major metabolites in the induced 
lat were CNO (14%), POBAc (12%), POMBAm 
(9%), and 3HOC (7%), whereas CNN'O decreased to 
5% (Hg. 3b% COT accounted for less ftan 2% of the 



Profile of urinary metabolites 

More than 40 peaks were found in the zadiochromato- 
grams of the urine sanqdes; 18 of them coiadded with 
chromatographic pzt^Kzlies of andientic syndietic 
compounds. For the (fiastorecmeis of aicotinc-N'- 
oxidc, CNN'O and TNN'O, basdine separation was 
achieved with both ion-pair and ioa-exchaoge HPLC. 
However, due to insoffideiit separations THOC and 
CHOC were determined in sum and designated as 3'- 
hydroxycotinine 0HOQ. Furthennoie, PMABAc and 
its lactam COT as well as 5H0C and its ring-opened 
tautomer POMBAm were not separated. Ibcy were 
designated as COT and POMBAm, respectively. 

When coDsideied according to the amounts ex¬ 
acted in the urine of noninduced male rats within 24 
h following die administratioa of NIC, the fiist 20 me¬ 
tabolites accounted for more than 90% of the excreted 
jcadioactivity (Hg. 3). Of these 20 metabolites, 12 
were identified. Unidentified NIC metabolites repic- 
sented 20% of the radioaoivity excreted in the urLae 
(rf" nouinduced and 35% of the radioactivity excreted 
in the urine of the Aroclor-induced rats. 

The major urinary NIC metabolite in the aonin- 
duced male rat is QWO (29%), followed by NIC 
(11 %) and by POBAc (10%) (Hg, 3a). COT ac- 



Fig. 3: Profile of urinary nicsotinc metabolites excreted over 
24 h afler i.v. S-mcotine adnunistiation to male rats, 
a: noninduced (M ± SE, n - 5); b: Aiocior-induocd 
(M ± SE. n -5). 1: CNN'O; 2; NIC 3: POBAc; 
4: POMBAm; 5: CNO; 6: COH 7: NNXC; 8: 
3HOG 9: TNN'O; Itk PHOBAc; 11: NCOT; 12: 
FAAc; A to H: unlxiowa (F: phase 2 metabolites?). 
Statistically significaflt diffemnees (P < O.OS) be¬ 
tween noninduced and Aroclor-lnduccd rats arc in- 
dicaied by stars. 
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ylmimjrt eied. ladioactivi^. Fbr NIC and most of its 
metabolites, statistically significant differences wuc 
seen in the amount excreted in tbe mine between 
nooinduced and Aroclor-induced lats. 

Of the metabolites not shown in Hgure 3^ each 
condtbured to less than 1% of the administered 
ladioactivity. These included the following identified 
metabolites NMNN'O, NNTDMNIC. FtHF, PABAc, 
N'MNIC; and PBAc, accounting in total for about \% 
of the administezed radioactivity. 

A campaiisoD of the chromatogiams of the utine 
sacq^les with those of the reference con^unds did 
not indicate that DHMNIC NMNIC, NMCOT, and 
DMCNO arc ininaiy S-nicotine metabolites in the laL 

The uiinaxy met^oUte profile of R*nicotine in the 
cat is different & 0 Q^ that of S>Dicotiiie as indicated by 
lesoUs we have obtained in an ongoing study. I>if> 
ferences were pronounced, c.g. in the exoctioa of 
TNN’O, NNIC, and CXJT as the major R-oicotine me¬ 
tabolites m the nocinduced rat These results as well 
as the fact that S-nicotine interferes with the metabo¬ 
lism of R-nicotine (8) make it quesdonabie to compare 
die metabolite profile obtained for S-oicotioe in our 
stody with that previously published for racemic R/S- 
nicotiae <2$). 


Unidendfied metabolites 

Of tte unidentified metabolites, those designated as B, 
C and D showed diffoent pe^ shapes in the chroma- 
togxams of different urine san^les. This i«l u$ to die 
assunqitioa that each of these peaks represents more 
than one metabolite. The foitnation of metabolite C, 
eluting immediately after 3HOC, was significantly in¬ 
creased by Amclor induction. Metabolite A, which 
was also significantly enhanced by indnetioo, is prob¬ 
ably strongly polar as indicated by its eady eludon in 
front of C^O under both ion-pair and ion-exchange 
chromatographic conditions. U^g ion-pair HPLC. 
metabolite A Wbs found to have die same retentioa 
time as DMCNO, wbich has been proposed to be a 
nicotine metabolite (29). However, doe to the differ¬ 
ent retentioa times of metabolite A and the reference 
compound DMCNO in the ion-exchange HPLC. it can 
be concluded that DMCNO is not a NIC metabolite in 
die rat 

Metabolites were observed that elute at the begin¬ 
ning of the chromatograms (designated together as F). 
This indicates that they arc even morc polar than me¬ 
tabolite A. Therefore, wc assumed that they represent 
the nicotine phase 2 metabolites which have been 
found in human urine (30-35) as well as in the urine 


of NIC-treated rats and hamsters (34). 

Recently, allohydioxydemethylcotzninc has been 
described as a nicotine metabolite found in the urine 
of rats (36), and its dehydration product demethylco- 
tinine-A^*^ -enamine in the oiine of humans (32). In 
Older te chock whether these metaho ites occur in the 
urine of NIC-treated rats, we pcrfoimcd a synthesis of 
allohydroxydemethylcotiniDe according to Kyeremalen 
by amnmnolysis of the methyl ester of POBAc. Ion- 
pair HPLC of the reaction mixture yielded 2 major 
product peaks. GC7MS analysis of each of tiicsc 2 
HPLC fractions yielded similar results: for each frac¬ 
tion 2 peaks were found by GC. one showing the mass 
speetzum identical with that of ‘^3-pyridyi)-4-oxobu- 
tyramide (37). the otha a spoctmm orast prob¬ 
ably of dcmcthylcotuthie-A^*^-eflamine. 4-(3-Pyri- 
dyi)-4-oxobuiyzamide is die ring-opened tautomer of 
allohydroxydemeti^lcotmine and feercfoie - analo¬ 
gous to 5HOC and POMBAm - we do not expect that 
our HPLC method is ^le to reparate these 2 com¬ 
pounds. Demcdiylcotinuie-A^ ^ -cnaminc is the dehy- 
dzatioa inoduct of these 2 c(Hzq}QulRl& However, 
neitha of the 2 product peaks in the HPIXT cone- 
^poiuted to any of the peaks found in the radioebroma- 
tograms of the rat urine samples. Therefore;, we con¬ 
clude that neithex aUohydroxydemelhylcotixune, 4^3- 
pyfuiyl)-4-oxohutyramide, nor dcmctiiylcotininc-A**^ - 
enamine are uiicaiy metabolites of X^C in the rat 


Kiiietfcs of urinary ei:cretion 

The sigma minus plots of NIC and its major urinary 
metabolites (Hg. 4) are not linear over the full time 
range but have tiuee different curve ^pes. Tlxe con¬ 
cave curves of NIC and CNN'O arc linMr during the 
first 6 h. For this period, the urinary excretion half¬ 
times (ti/a) were calculated to be 1.6 h for NIC and 
2.1 h for CNN'O in the coninduced and fi.S^and 1.3 h, 
respectively, in the Aroclor-induced male rats. Fbr the 
other urinary metabolites in Hgure 4, convex curves in 
the nooinduced and sigmoidal curves in the induced 
rats were observed. This was the case not only for the 
secondary metabolites via COT (POBAc, POMBAm, 
CNO, and 3HOQ and the unidentified metabolite A 
but also for COT and NNIC Both COT and NNIC 
are fonned in a two-step reaction via iminium ion in- 
tennediates (38, 39) in contrast to CNN'O which is 
fontted by a one-step oxidation of NIC The fact that 
the excretion kinetics of the unidentified metabolite A 
are very similar to tbose of the secondary metabolites 
via COT and in addition that its formation is enhanced 
by Arodor induction in the same way as the second- 
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axy metabolites via CX)T led us to the assun^tion that The values for tJie shortest excredoa half-tio^, cal- 

mctabolite A might be also a secoodaiy metabolite via ctilated firom the steepest slope in the sigma-minas 

COT. plots, arc shown^ Tabic L The convex sigma minus 
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Fig 4 Sigma-imnus plou of the uiinaiy excredan kinetics of S-nicotiiic and metabolites in the male rat. a; notunduced (M i. SE. 
n •“ 5); b: Aioclor-induocd (M ± SB, n - 5). 


Source: https://www.industrydocuments.ucsf.edu/docs/sfpkOOOO 
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Tabu /: Shonut exccetum half-time tia of S^iioQtine ud 
meoholUei in nu^e nu. 


MetaboUte 

tta(h) 

Nan'^atduced 

Andair induced 

NIC 

I.fi 


CNN'O 

2.1 

13 

NNIC 

2.7 

13 

COT 

3,1 

13 

POBAc 

43 

L9 

POMBAm 

4.8 


CNO 

4.0 

13 

3HOC 

4.9 

2,0 

A 

5.0 

2.6 


ib«n the tteepett slope in the di^iu-mimu ploU. 


plots can be explained in tttat ttie fonxiadon rate is 
more rapid than die diminarioa sste within the &st 3 
h. For ONN'O, this peiiod might be missed due to the 
very &st metabolism of NIC to this ptimaiy metabo¬ 
lite and the fast exaction kioetks of CNN'O. 


Comparison of the metabolite proCUes of 
male and female rats 

In general, NIC metabolism and its indudbUi^ were 
emrilar for male and female rats. AH uzinaiy metabo- 
lites found in the male xat were also found in the fe¬ 
male rat Fbr the female as for the mafo rat, unideati- 
tied nvitah olites acicoQntcd for approx. 20% of the iiii- 
uaiy exacted radioactivity in the nooiiiduced and for 
35% in the Aroclor-induced lat Statistically signifi¬ 
cant differences in the excreted amount Of NIC and its 
metabolites were found between the nomnduced and 
induct female rats (fig. 5): Arodor induction leads 
to a reduction in the formation of CNN'O and to an 
enhanced fonnation of secondary nsetaboiites via 
COT, c,g. POB^ POMBAm, CNO, and 3HOC, as it 
was also found for the male laL 

For some metabolites, however, difieicnt uiinaiy 
excretion was observed between male and female rats. 
The ratios for the excretion over 24 h and the results 
of the statistical evaluation of these difforenccs are 
given in Tabic n. Major differences were seen be¬ 
tween tbe nonioduced male and female rats. The un- 
oaxy excretiOD of CNN'O, which for both sexes is the 
major NIC metabolite, was lower and the exaetion of 
COT was higher in the female rat The lower N'-oxi- 
dation of nicotme observed In the female rats is in ac¬ 
cordance with the recently reported sex differences in 
flavin-containing monooxygetase activity (40), Fur- 




Fig. S : Profile of urinary oicodne metabolites excreted over 
24 h after Lv. S-nicodne adnuoistniiien to female 
lati. a: nooindueed (M ^ n ~ b: Aroclor-in- 
duced (M ± SE. n - 4). 1: CNN'O; 2: NIQ 3: 
POBAc; 4i POMBAm; 5: CNO; & COT; 7: NNIC; 
8: 3HOe, 9; TNN'O; 10; PHOBAc; 11; NCOT; 12: 
PAAc; A to H: uninown (F: phase 2 metabolites?). 
Swistically significant diffcrencec (P < O.OS) be¬ 
tween noninduced and Aroclor-induccd tats are in¬ 
dicated by stars. 


thcrmoie, noninduced and Aroclor-induccd female rats 
excrete significantly higher amounts of tbe unknown 
met^X)lites F, which are assumed to represent phase 2 
metabolites of NIC, than the male rat 


Stereoselectivity of S-nicotine metabolism 

During the fonnation of nicotinc-N'-oxidc QW'O) and 
3HOC, two of the major NIC rnetabolites in the rat, a 
second stcreogenic center in their molecular stnicture 
is formed. Therefore, it can be expected that the me- 


Source: https://www.industrydocuments.ucsf.edu/docs/sfpkOOOO 
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Table 11: Ratio of unnaxy exctcdon of S>akiotine and 
loetaboHics over 24 h between male and female jau. 


Metatfoiite 

Rado 

Non^induced 

Arocior induced 

CNN'O 


1.4 

NIC 

1.2 

2.6* 

POBAc 

1.0 

0.9 

POMBAm 

0.8* 

0.7 

CNO 

12* 

1.6 

COT 

0.4V 

0.4* 

NNIC 

0.S 

1.2 

3HOC 

1.1 

12 

TNN'O 

12 

1.0 

A 


1,8* 

B 

05* 

0.6* 

C 

0.7 

12 

0 

d3* 

22* 

PHOBAc 

1J2 

0.9 

NCOT 

1.5* 

1.1 

E 

1.8* 

1.5 

F 

0,1* 

0.1* 

PAAc 

1.9 

23* 

G 

22* 

10.0* 

H 

1.4 

1.7 


<«) SUtlsUcaQy slgoiflcvu diffncooes (P < O.QS} is the uxinaxy 
exatXKU of nioodne swtibolttec between noninduced male and 
female lats as well aa between Aroclor-ioduaed male and female 
nts are indJi^ced by asteriiks. 


tabolism of NIC may lead to the predominant fonua- 
tion of one of tfie diastereomers of these metabolites. 

We found that the in vivo N'-oxidalion of NIC in 
both male and female rats leads predominantly to the 
fonnation of ihe d5>diastfircomer of NN'O, OIN'O 
{see Table III). This stereoselectivity was statistically 
signiticantly more pronoimced in the nonindticcd com¬ 
pared to the Arodor-induced rats. This highly stere¬ 
oselective N-oudation pathway is catalyzed by flavin- 
cootaining monooxygenases (41) and has been pre¬ 
viously reported for several in vitro studies (6, 42-A4), 


M already meaticMicd« s^iaiation of the diastereomexs 
of 3HOC was not achieved by the radioefaromato- 
graphic mediods. However, we achieved their separ¬ 
ation by HPLC after dictbyllhiobaibituiic acid dezivat- 
iiation (34), and^we woe able to show that in both 
male and female rats tiie trenr-diastereomer of 3HOC, 
THOC is predominantly foxxned (see Table m). This 
confirms recently reported results (45). The stcieose- 
Icctivity of the 3'-hydroxylation of CX)T was statisti¬ 
cally significantly higher in the Arodor-induced com¬ 
pared to the oon-indneed rats. The stereosdectlve for¬ 
mation of diastereomere of NN'O as well as of 3HOC 
was more pronounced in male than in female rats. 
The differences in stereoselectivity found for the for¬ 
mation. of NN'O as well as of 3HOC in the nonin- 
duced and Axodor-induoed rats lead to the assumption 
that different isozymes of tire respective enzymes are 
involved and that these iso^mes induced and/or 
repressed to a different extent 


CONCLUSION 

The results of this study demonstrate that tirere are 
considerably more S'DicQtme metabolites present in 
the Qrme of rats than previously dcscrti>ed. Important 
differences exist in the metabolism and excretion Idnc- 
tics between noninduced and Arodor-induced rats and 
in tire urinary excretion of some S-nicotine metabolites 
between male and female rats. The formation of the 
cii/rraTir-diastcrcomers of nicotinc-N'-oxidc and 3'-hy- 
droxycotinine is highly stereoselective. The results 
undeiline the importance of exogenous factors and 
genetic composition on the coirqtlex metabolism and 
bioldnetics of S-nicotine. 
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Tt^le III : Ratio of the urinary 24 h excretion of tile eis/trojir-cUastereomcrs Of olcotinC'N'-oxide and 3'-hydroxyootininc in the ml 
<M±SE). 


Metabolite ratio 


Male 


Feptale 


Nonirtduted 

Aroclor-induced 

Nonauiuced 

Aroclor-induced 


It 

(n = S} 

(n = 4) 

(n = 5) 

cm'orrm'o 

9.4±a_S 

6.0 ± 05 

7.2 ±0.4 

4.4 ±0.5 

THOaCHOC 

7.7 i 0.4 

13.6 i 1.3 

4.6 ±0.3 

9.0 ±1.3 


Source: https://www.industrydocuments.ucsf.edu/docs/sfpkOOOO 
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